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[57] ABSTRACT 

A processing system comprising a plurality of processors 
and a plurality of memories, wherein each processor is 
connected to a memory by a primary bus. When one 
processor needs to access another processor's memory, it 
requests access to that particular memory. A bus control 
monitors memory transactions and causes the processor for 
this target memory to relinquish the memory. The bus 
controller then configures a transfer bus and forwards the 
memory access command to the target memory such that the 
processor can then access its target memory in addition to its 
own memory. This configuration remains stable until any 
processor requests a memory outside of the current configu- 
ration or the processor associated with the target memory 
requests its own memory again. Advantageously, the bus 
control uses an arbitration table which provides equitable 
access to all memories. 

5 Claims, 5 Drawing Sheets 
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SYSTEM AND METHOD FOR PROVIDING to known samples. These structures are even more complex 

HIGH SPEED MEMORY ACCESS IN A when there is more than one digital signal processor working 

MULTIPROCESSOR, MULTIMEMORY on the speech at the same time, as is frequently the case. 

ENVIRONMENT Therefore, a problem in the art is that there is no inex- 

5 pensive digital signal processor and memory structure which 

This application is a continuation of application Sen No. can provide the processing abilities of dedicated digital 

08/439,030, filed on May 11, 1995 now abandoned. signal processors without the cost of custom design. 

TECHNICAL FIELD SUMMARY OF THE INVENTION 

This invention relates to the field of high-speed data ™ This blem js and a technical advance fe 

processmg systems, and, more specifically to a system and acfaieved in lhe arl b a si x processing system and 

method for providing high-speed memory access to a mul- method which employs « 0 ff.the-shelf ' components while 

tiprocessor data processing system. providing high-speed memory access and distributed pro- 

BACKGROUND OF THE INVENTION 15 cessm S- An apparatus, according to this invention, com- 
prises a plurality of processors and a plurality of memories. 

General purpose processors are becoming increasingly £ ac h processor is connected to one of the memories by a 

common in applications that required special purpose pro- primary bus. In general, each processor freely accesses its 

cessors only a few years ago. Previously, only special respective memory as needed. According to this invention, 

purpose processors had the power needed to perform com- ^ eac h memory comprises a unique address spectrum. When 

plex tasks (i.e., these processors were usually optimized to one processor needs to access another processor's memory, 

perform a specific type of function, such as complex number 0 r alternatively, a memory not associated with a processor, 

calculations or vector arithmetic). A major problem with j t merely addresses that particular memory. A bus control 

special purpose processors is that their cost per unit is very monitors memory transactions from all processors and, upon 

high and they have to be redesigned and re -implemented in seeing a memory transaction with an address outside of the 

order to take advantage of improvements in the art. As spectrum assigned to that processor's respective memory, 

general purpose processors become faster and are able to do causes the processor associated with this target memory to 

more, the cost savings of general purpose processors in temporarily relinquish its memory access. Then the bus 

many applications far outweighs the benefits of special control configures a transfer bus and forwards a memory 

purpose processors. One such application that can benefit ^ access command to the target memory such that the source 

from such cost reduction is digital signal processing. processor can then access the target memory as well as its 

Digital signal processing is used in diverse applications in own memory. This configuration remains active until any of 

diverse industries. For example, the telephone industry is the processors requests a memory address outside of the 

using digital signal processing in applications such as rec- current configuration or the processor associated with the 

ognition of spoken telephone numbers, credit card numbers, 35 target memory requests its own memory again. In response, 

name recognition for telephone dialing, and speaker verifi- the bus control again causes the transfer bus to be recon- 

cation for credit card authorization. The computer industry figured. Advantageously, the bus control uses an arbitration 

is using digital signal processing in applications such as table which provides equitable access to the memories, 

word recognition in speech-to-text applications, command Advantageously, each processor may access its own 

control, and speaker verification for authorization of use. ^ memory at least 50% of the time (every other memory 

Two universal problems faced by all digital signal process- cycle). In this manner, high speed processor operation may 

ing applications are that it requires large amounts of pro- be achieved using off-the-shelf components. Furthermore, 

cessing power and large amounts of high-speed memory. digital signal processing functionality may be achieved by 

In current architectures, digital signal processing is pri- including an I/O processor which receives and transmits 

marily performed by dedicated digital signal processing 45 digital signals to be or having been processed and, upon 

integrated circuits. Such digital signal processors are usually notifying the bus control, may transfer digital signals to or 

designed for one task alone, that is, performing all of the from one of the plurality of memories so that digital signals 

multiplications, accumulations, and comparisons necessary can be processed by the plurality of processors, 
to provide the speech-to-text, word spotting, or speaker 

verification required by the application. Sucb single- 50 BRIEF DESCRIPTION OF THE DRAWING 

function processors are expensive to make, because every A more complele understanding of the invention may be 

change or improvement requires a new integrated circuit to obtained from consideration of the following description in 

be designed. Since the industry is moving so rapidly, such conjunction ^ the drawings in which: 
designs are constantly churning through the manufacturing 

process. 5S 

Digital signal processing is also very memory intensive. 

Large amounts of data are stored to be processed for each ,. . , , . , , 

particular application. In addition, there are usually one or FIC V. 2 is a high-level state diagram of the main states 

more large data dictionaries for comparison to digitized "ccordmg to an exemplary embodiment of this invention; 

speech in order to provide the word spotting, text-to-speech, 60 

etc. As a result, very large memory structures are used in FIGS. 3-5 are a flow chart of the actions performed by the 

digital signal processing applications. exemplary embodiment of FIG. 1. 

Such dedicated processing and large memory structures DETAILED DESCRIPTION 
generally require complex bus structures in order to connect 

everything together and to coordinate complex operations, 65 FIG. 1 illustrates a block diagram of a digital signal 

such as loading the memory with the speech to be processor system according to an exemplary embodiment of 

recognized/verified, processing the speech and comparing it this invention. However, this invention may also be appli- 



FIG, 1 is a block diagram of a digital signal processing 
system according to an exemplary embodiment of this 
invention; 
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cable to other multiprocessor systems wherein multiple nanoseconds after the rising edge of the clock pulse). The 

memories are used. Therefore, this invention is not to be transaction start signal lasts only one clock pulse (15 

construed (in its broadest application) to be limited to a nanoseconds). The rest of the control signals remain until the 

digital signal processing context. This invention is illus- processor receives an "address acknowledge" signal from its 

trated in the context of a general purpose computer 10, such 5 memory controller. However, according to this exemplary 

as a personal computer (PC). PCs, as known in the art, embodiment, the processor may issue another transaction 

generally comprise a host processor 12 connected to a bus start signal as soon as two clock pulses after receiving the 

14. In the exemplary embodiment of this invention, bus 14 address acknowledge signal without having transferred any 

comprises an ISA bus, as is known in the art. Host processor data. Thus, multiple transactions can be active on the bus 

12 is thus an INTEL 80486 or similar processor. As is known 1Q system. The Motorola 604 supports three such transactions, 

in the art, if host processor 12 is a Pentium® processor as but only two transactions are supported according to this 

manufactured by the INTEL Corporation, bus 14 is a PCI exemplary embodiment; two being sufficient to pump data 

bus as is known in the art. PC 10 also includes a keyboard, back and forth between the processor and the memory as fast 

video display terminal, video card, and other such devices as as the processor can deal with it. 

are all well known in the art and, therefore, not shown in JS Each of memory A, B, and C is divided in this exemplary 

order to clearly illustrate this invention. embodiment into two banks of 8 megabytes each. When an 

A processing system according to this invention is illus- address is received, the address indicates which of the two 

trated as one circuit card 16, which plugs into bus 14. The banks of memory is to be accessed. The controller issues a 

processing system is thus viewed by host processor 12 as command to its memory indicating the bank to be accessed 

one peripheral located on bus 14. This system, according to 2Q and the remainder of the address. A few clock pulses later, 

the exemplary embodiment of this invention comprises three the controller issues an address acknowledgment to the 

processors, labeled here as A, B, and C, and three sets of processor and sends the read or write command to the 

memories, memory A, memory B, and memory C, each memory. For a write transaction, the controller returns a 

associated with a respective processor. In this exemplary transaction acknowledge signal to the processor on the same 

embodiment, processors A, B, and C each comprise 25 clock pulse as the write control is sent to the memory, 

Motorola Power PC-604 processors. These processors per- indicating the acceptance of the data. For a burst write (that 

form four hundred million instructions per second (MIPs) or is, a write that involves more than one address location), the 

two hundred million floating point operations per second controller continues to send the transaction acknowledge 

(mega FLOPs), counting the common digital signal process- signal to the processor on each of several following clock 

ing operation of "multiply and accumulate" as two opera- 30 signals, and the memory accepts data on each of these clock 

tions. According to an exemplary embodiment of this signals. For a read operation, there is a two-clock pulse delay 

invention, board 16 is designed such that some of the before the address acknowledge signal is sent to the 

processors and/or memories may be omitted. Not equipping processor, indicating the availability of data. For a burst read 

one or more processors and memories results in a less- operation (when several blocks of data are read at the same 

expensive, less-powerful board with the same printed wiring 35 time), the signal is sent for each of the several cycles and 

and overall design. valid data is presented to the processor on each of these 

Memories A, B, and C each comprise 16 megabytes of clock cycles, 

synchronous dynamic random access memory (SDRAM), In both cases, the total cycle time is dependent on the 

each having a controller (memory controller A, memory burst length. However, each processor may issue a first 

controller B, and memory controller C, respectively) that 40 transaction start for one bank of its SDRAM memory, and 

allow full-speed, burst-mode access by the processors, thus then, after receipt of the address acknowledge signal, imme- 

providing a maximum sustainable throughput of 422 mega- diately issues another transaction start. Thus, one clock 

bytes per second in this exemplary embodiment. As will be pulse after the last data transaction acknowledge is issued 

described further below, each memory address is unique. for one bank, a first data transaction acknowledge can be 

That is, memory A's address spectrum is different from 45 issued for the other. If the addresses alternate between the 

memory B's and memory B's is different from memory C's. banks, the controller can issue four double words of data 

In this manner, each processor may access any memory by every five clock pulses, which is as fast as the processors 

issuing a memory address without having to know which of used in this exemplary embodiment can handle the data, 

memory A, memory B or memory C contains the address. There are many situations where it is desirable for one 

Also in this exemplary embodiment, each processor may 50 processor to access another processor's memory. For 

address its own memory by using a unique address range. example, it is common to have data dictionaries or sound 

According to this exemplary embodiment of this dictionaries distributed among the three memories in order 

invention, each processor is connected to its respective to distribute the memory space utilization so that a large data 

memory by a bus, 18A, 18B, and 18C, respectively. dictionary does not take up most of the space in one specific 

Advantageously, in the normal operating mode each proces- 55 memory, and to prevent one specific memory from being 

sor may access its respective memory exclusively so that accessed continuously by all processors. To this end, there is 

access is provided as needed. Each processor issues com- a transfer bus 22 which interconnects all processors by 

mands to its memory and receives acknowledgements, etc., interconnecting the memory busses 18A, 18B, and 18C and 

via a set of control lines 20A, 20B, and 20C. There is also PC bus 14. In order to avoid contention on the bus, there is 

a clock on board 16 (not shown for clarity) operating at 60 a bus control system 24 which will be described below in 

65.536 MHz in this exemplary embodiment. This clock connection with FIGS. 2 and 3. Bus control 24 monitors the 

speed was chosen to operate at the speed of the bus; but, signals on control leads 20A, 20B, and 20C for situations 

when faster circuits become available, the bus could operate where a processor issues a transaction start signal with a 

at higher speeds. memory address of a memory other than its own. If, for 

When a processor wishes to access memory (either a read 65 example, processor A issues a transaction start with an 

or write) it issues a transaction start signal and the memory address within the range of memory B, bus control 24 causes 

address for the beginning of the transaction (within 9.5 processor B to cease accessing its memory and then allows 
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processor A to access memory B. To this end, there are a 
plurality of switches 26A, 26B, 26C, and 26D, under control 
of bus control 24, which cause a pair of connections to be 
made between a requesting processor and transfer bus 22 
and between transfer bus 22 and the target memory. 

A peripheral interface control 28 determines when a 
peripheral such as host processor 12 wants to access transfer 
bus 22. This occurs, for example, upon initialization when 
memories A, B, and C are first pumped with data. 

Furthermore, there is an I/O processor 30 connected to 
transfer bus 22. I/O processor receives incoming data to be 
processed via line 32. In this exemplary embodiment I/O 
processor 30 is a daughter card to circuit card 16, thus 
permitting transfer of data at a high rate. One skilled in the 
art could easily connect I/O processor 30 to bus 14 without 
departing from the scope of this invention. I/O processor 30, 
in this preferred embodiment, is assumed to comprise a 
digital interface to a telephone system, such as, for example, 
an I/O processor receiving data at multiples of 64 kilobits 
per second over line 32. 

Thus, a one-card, multichannel signal processing system 
that can be upgraded and used in place of an expensive 
dedicated digital signal processing chip and associated 
expensive static memory may be implemented on a personal 
computer. The interaction of bus control 24, as it negotiates 
permission among the processors for each other's memory, 
is described in connection with FIGS. 2-5. 

As mentioned above, bus control 24 provides permission 
negotiation among processors A, B, C and PC- I/O when one 
of them wants to access another processor's memory. Bus 
control 24, according to the exemplary embodiment of this 
invention, allows no more than one pair of connections to 
transfer bus 22 to occur at one time. In this exemplary 
embodiment, bus control 24 provides a "round robin" arbi- 
tration system. That is, whichever processor used the bus for 
access to another's memory last is placed on the end of the 
priority queue the next time there is contention. Otherwise, 
the bus control 24 uses an alphabetical system (processor A, 
processor B, processor C, I/O-PC) to arbitrate among the 
four contenders, but also guarantees each processor 50% of 
the accesses to its own memory, if needed. 

In general, each processor is always connected to its own 
memory and normally the processor is always granted 
access to its respective bus 18 by bus control 24. 
Furthermore, the first indication that a processor wants to 
access another's memory is the issuance of a transaction 
start with the other's memory address. Because the trans- 
action start signal is transient, the arbiter receives it, stores 
it, and decides whether to grant the transfer bus to the 
requester. For example, if processor A requested to access 
memory B, processor A puts a transaction start signal on bus 
20A which includes a memory address that is within the 
address range of memory B. Bus control 24 monitors all 
control buses 20 and receives the transaction start and the 
address signal from bus 20A. Bus control 24 negates the bus 
grant signal on control line 20B to processor B and waits for 
any active transactions between processor B and memory B 
to clear, as evidenced by memory B controller sending an 
idle indication on bus 20B. Then bus control 24 causes 
switches 26A and 26B to close and issues a transaction start 
signal to memory controller B, which now receives, via the 
transfer bus, the address that processor A originally issued. 

At this point, processor A is connected both to its own 
memory (memory A) and to memory B. If there are no 
further interruptions (that is, processor B does not request 
access to any memory and processor C accesses only its own 
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memory) then bus control 24 does nothing, except to relay 
transaction start signals from processor A that are destined 
for memory B. Bus control 24 continues to monitor control 
lines 20A, 20B, and 20C and peripheral interface control 28. 

5 When bus control 24 sees a transaction start signal with an 
address for a memory spectrum that is not currently allo- 
cated to a particular processor, then bus control 24 consults 
its arbitration scheme for the next allowed transfer bus 22 
access. For example, in the above scenario, processor A is 

10 currently connected to both memory A and memory B. If 
processor B issues a transaction start with an address for 
memory B on control line 20B, bus control 24 recognizes 
this request and immediately removes the bus grant from 
processor A. Bus control 24 waits for the idle signal from 

15 memory control B, opens the switches 26 A and 26B and 
sends a bus grant signal to processor B. Simultaneously, bus 
control 24 returns the bus grant to processor A, which can 
also then initiate another transaction. Processor B can now, 
for the period of one memory transaction, access memory B. 

20 Processor B will be able to access its memory approximately 
50 percent of the time when other processors are also 
requesting access to it according to this exemplary embodi- 
ment. In this way, processor B can still continue processing 
as quickly as possible while other processors are accessing 

25 its memory. 

Turning now to FIG. 2, a state diagram overview of 
processing in bus control 24 is shown. FIG. 2 is generally a 
state diagram indicating the actions taken in each state and 
the events which cause transitions from state to state. 

30 Processing starts in the "normal", stable state 200 where 
each processor is granted access to its own memory. In this 
state, processor A is granted access to memory A, processor 
B is granted access to memory B, and processor C is granted 
access to memory C. A transition event 202 occurs when one 

35 or more processors address a memory other than their own. 
This causes a transition to setup state 204 which is a 
transitory state. In the setup state, the bus control 24 decides 
which process will control the transfer bus by accessing its 
arbitration table. The bus grant signal is removed from the 

40 processor associated with the target memory. After any 
pending transaction between the processor associated with 
the target memory and the target memory is completed, as 
evidenced by issuance of an idle signal from the target 
memory controller, the source processor is connected to the 

45 target memory and a transaction start signal is provided by 
bus control 24 to the controller for the target memory. 

After the transaction start signal is issued, bus control 24 
transitions to the relay state 206, which is a stable state. In 
the relay state, the source processor in control of the transfer 

50 bus may issue transactions to its own memory or to the target 
memory. Transaction start signals from the winning proces- 
sor are relayed by bus control 24 to the target memory 
controller when the address is within the address spectrum 
of the target memory. Processing remains in this state until 

55 an event 208 occurs wherein another processor attempts to 
access memory other than its own or the target processor 
requests its bus. 

After event 208, another transitory state 210 is entered 
where transaction start signals are no longer relayed from 

60 the source processor to the target memory controller. Trans- 
actions pending on the transfer bus are allowed to complete. 
When the transactions are complete, the state transitions 
back to the normal state, but may only stay in the normal 
state briefly. A determination will be made in the normal 

65 state if there are one or more processors in a queue in bus 
control 24 that have addressed memories other than their 
own. If so, then processing again transitions into the set up 
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state 204. Note that in each pass through the "normal" state, both decision diamond 314 and action box 322 through 

each processor is granted access to its own memory, and that connector B to FIG. 5. 

transaction is allowed to complete. Hence, each processor is Timing now to FIG. 5, processing continues to decision 

guaranteed access to its own memory at least 50% of the diamond 328 AgaiD> (he bus maUol waits ^ all 

memory transactions. 5 transactions have completed, as indicated by the idle signal. 

Turning now to FIGS. 3-5, flow charts of bus control 24 The bus COMrol remain in this state for severa , clock 

accordmg to the state diagram of FIG. 2 is shown. Process- riods since ^ ffl ^Id be pending in 

mg starts in circle 300, inmahzahon- After initialization, * ffl a( ^ ^ ^ ^ ^ 

processing moves to action box 302 where all processors are f . , ^ . ill 

r . to , . , 4 . . y *l * transactions have completed, that is, the idle signal has been 

granted access to their own respective memories. In this 1fl . , , m tn ** ~ „ f^ii^7 ■„ j 0 n 

& , . , \ , . . . - 10 received from the target memory controller in decision 

exemplary embodiment, bus control 24 maintains a set of , tl _ ° ' . . . . 

. / f . , ■ . 4 . . , 4 , diamond 328, then processing proceeds to connect the bus 

registers to record transaction start signals and the memory ti . j j 

7, " ' . . c , B npL . rxr between the source processor and destination memory in 

address of the transaction for each processor. The set of N . , „ r . , . , 

.... , l j- .\ • action box 330. Processing then proceeds to action box 332, 

registers (three in this exemplary embodiment) are mom- . #u _ * . , , 

4 & , f v . - i i • . where the transaction start signal for the requesting proces- 

tored for requests for a memory location other than each 1(; , ^ , ♦ i n . *u ♦ * 

, M ; , . . , 35 sor is sent from bus control 24 to the target memory 

processor s own memory spectrum in decision diamond controller 

304. If such a request is not received, processing remains at . 

action box 302 and decision diamond 304. If such a request Processing then proceeds to action box 334, where bus 

is received, processing then transitions to action box 306. In contro1 24 rela y s transaction start signals from the current 

action box 306, one of the requesting processors is selected 20 processor to the current target memory. Such events 

(according to the arbitration table) to be the next source wil1 not cause the ret l uesl ***** in bus control 24 for 

processor. The arbitration table uses the previous values of ^ TCG processor to become active, but a transaction by the 

the source (processor) register and the values of the request processor destined for any other memory other than 

registers to determine the new source processor wherein the the tar g el or its owa memorv ™ n activate the rec i uest 

"winner" is awarded access to the transfer bus. 7 , re &k ter for the source - 11 15 Possible for the current source 

Processing then moves to action box 308, where the bus P rocessor t0 access J* own memo ?' Si u nce there are now 

grant signal is removed from the processor associated with two memor y controllers connected to the processor, it is 

the target memory of the new source processor. The other necessar y l ° "™«f in l u ime the transactions of the two 

processors continue to receive the bus grant signal so that memories To this end, each memory controller is equipped 

they can continue to access their own memories^rocessing 30 Wlth *? ^ - OU f "? 10 SlgDaL Each , memor y 

„ _ t - tU , a u\n a controller refrains from mitiating a new access cycle until its 

then continues through connector A to HO. 4. «.«.,.. * . . ^» . . . i j *l 

™. *~ A . , . . j - "idle in signal is active. When the buses are isolated, the 

Turnuig now to HG. 4, in decision diamond 310, a , l*« i- • » ■ i. u **u 

. 6 . . j l *l « l . l bus arbiter supphes an active "idle in signal to each of the 

determination is made whether the target processor has « mem bm durin the fel sU , bus conlK)1 

transaction pendmg at the same time that the bus grant signal ^ ^ ^ from ^ and 

is removed. If it does, then processing waits at decision 35 * n * *l 7 . j *• 1 

j . , ^-.n tl. • ; 11 •* r 11 memory controllers to the target and source respectively 

diamond 310. Processing must generally wait for one clock ' , „.,, . „ . in j * j • • 

. - * . & * ■ 1 l »l processor s idle in signal. Processing proceeds to decision 

cycle after removing the bus grant signal because the v . j . • j 

J . , , diamond 336, where a determination is made if any proces- 

processor may have initiated a transaction on the same clock , . 4 . t.l . * 

r . ir . J . A . . , j. , sor s request register became active, or if the target proces- 

cycle. If there is no transaction pending in decision diamond . j TT « • 1 

-; n . . . j • • j- juil sor asserted its bus request signal. 

310, then processing moves to decision diamond 312 where 40 

a determination is made whether the target processor Processing then proceeds to determine if the > idle signal 

requested access to another memory. If it did, then process- ha s been received in decision diamond 338. During this 

ing moves to action box 320. In action box 320, bus control ^ a transaction start signal from the current source 

24 asserts and holds an address retry signal to the processor processor will not be relayed to the target memory control, 

associated with the target memory, which causes the target 45 80 that a new memor y transaction cannot start However, one 

processor to abandon the transaction, even though it was ma y have J ust slarted - Since 11 takes two clock c y cles for lhe 

already started. Processing then moves to action box 322, resulting idle signal to be asserted, delay states are inserted, 

where bus control 24 asserts an address acknowledge signal When the ldle S1 6 nal 15 asserted, it indicates that the memory 

to the requesting processor, because the processor requires * idle ( has no transactions pending). It is then safe for 

an address acknowledge signal to accompany the address 50 P rocessin g to return to the normal state and possibly set up 

retry in this exemplary embodiment in order to abandon the a new Dus configuration. Processing then transitions back 

transaction. through connector C to decision diamond 304 in FIG. 3. 

If, in decision diamond 312, the processor associated with It is to be understood that the above-described embodi- 

the target memory is not requesting another processor's m en t is merely an illustrative principle of the invention and 

memory, then processing proceeds to decision diamond 314. 55 that many variations may be devised by those skilled in the 

In decision diamond 314, a determination is made whether art without departing from the scope of the invention. It is, 

the target memory is busy. If it is, then processing proceeds therefore, intended that such variations be included within 

to decision diamond 316, where a determination is once the scope of the claims, 

again made whether the processor associated with the target Th e invention claimed is: 

memory is now requesting another processor's memory. If it 60 1- A system for providing high speed memory access in a 
is, then processing proceeds to action box 320, as above. If processing system, said processing system comprising a 
it is not making such a request, then processing proceeds plurality of processors, each of said plurality of processors 
back to decision diamond 314. Processing continues in this issuing a transient transaction start signal to request a 
loop until bus control 24 receives the idle signal from the memory transaction, said system for providing high speed 
target memory's control (this is a second clock cycle to deal 65 memory access in a processing system comprising: 
with the case where a transaction just started, bus was a plurality of memories, each of said plurality of memo- 
destined for another memory). Processing proceeds from ries being associated with a predetermined one proces- 
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sor of said plurality of processors, each of said plurality 
of memories having an associated memory controller, 
each of said memory controllers issuing an idle signal 
upon completion of a memory transaction, each of said 
memories having a unique address spectrum for use by 
the memory's associated processor; 

a plurality of buses, each of which directly connects each 
one of said plurality of processors to at least one of said 
plurality of memories, whereby each of said processors 
normally directly accesses its respective memory; 

a transfer bus connectable to each of said plurality of 
buses; and 

a bus control means responsive to a transient transaction 
start signal having a duration no greater than 15 nano- 
seconds from any one of said processors to one of said 
memories other than said processor's respective 
memory, for monitoring said one of said memory 
controllers other than said processor's respective 
memory controller for said idle signal, and then pro- 
viding said one processor access to said one memory at 
least one full clock cycle after said transient transaction 
start signal has been de-asserted via said transfer bus, 
said bus control means also for arbitrating among said 
plurality of processors when more than one processor 
requests access to a memory other than the processor's 
respective memory and for granting access to one or 
more of said plurality of memories to each of said 
processors; 

means for receiving and storing said transient transaction 
start signal from a requesting one of said plurality of 
processors for access to one of said plurality of memo- 
ries other than its own; 

means for notifying a processor associated with said one 
of said plurality of memories other than the memory 
associated with said requesting processor and means 
for configuring said transfer bus so that said requesting 
processor may access said one of said plurality of 
memories other than its own responsive to receipt of 
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said idle signal from said one of said plurality of 
memory controllers other than the memory controller 
associated with the memory of said requesting proces- 
sor; 

means for connecting said transfer bus to a host processor, 
said means for connecting to a host processor including 
notification means for informing said bus control 
means when said host processor requests access to one 
of said plurality of memories; 

a plurality of switches interconnecting said transfer bus 
with each of said plurality of buses, said plurality of 
switches being under control of said bus control means; 
and 

a control line for sending said transient transaction start 
commands and memory addresses to said respective 
memory. 

2. A system in accordance with claim 1 wherein each of 
said plurality of memories also has a separate address 
spectrum for use by the memorv's respective processor, 

3. A system in accordance with claim 1 wherein said bus 
control means includes bus grant means connected between 
said bus control means and each of said processors for said 
bus control to signal to each of said processors when it can 
access one or more of said plurality of memories besides its 
own respective memory. 

4. A system in accordance with claim 1 wherein said bus 
control means includes means for forwarding requests for 
memory access from a requesting processor to a destination 
memory of one of said plurality of processors when said 
destination memory of one of said plurality of processors is 
not the requesting processor's respective memory. 

5. A system in accordance with claim 1 further including 
a plurality of memory control means each connected 
between one of said plurality of control lines and one of said 
plurality of memories for interpretting commands and set- 
ting up a memory transaction responsive thereto. 
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